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Four yearly data showed fine scale of otter dispersal patterns 
(Hong et al., unpublished)
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Introduction
1. Are otter densities positively related with densities of four fish 
categories (piscivore, herbivore, plankivore, and benthivore) across 
three rivers?
2. How strong otter densities are related with food web cascade 
(benthos, and water qualities) across three rivers?
Introduction
Objectives
Study sites
• Period
: March - June, 
(2014 – 2016)
• Nakdong R. 250 sites (2014-2016)
• Seomjin R. 83 sites (2016)
• Yeongsan R. 92 sites (2016)
Material and Method
(Cao et al., 2014, IEEE TRANSACTIONS ON EVOLUTIONARY COMPUTATION)
Hybrid Evolutionary Algorithm, HEA
75 % validation data
25 % test data 
Material and Method
Food web cascades
provided by the Ecological Stream Health Assessment (MOE/NIER)
Material and Method
• Otter: Spraint densities (no. spraints per 600 m)
• Fish: Herbivore (3 species), Benthivore (134), Planktivore (63), Piscivore (40)
• Benthos: Nematomorpha (5), Mollusks (78), Crustaceans (29), 
Anthropoda (726), Platyhelminthes (5)
• Diatom: Cell density of total 728 species 
• Water qualities: 11 parameters
Data description
Material and Method
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Why Seumjin River is different?
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Estuary barrage
Youngsan R. basin
Estuary barrage
Large weir
Seumjin R. basin
No large weir!!
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Result and Discussion
Nakdong River Youngsan River Seumjin River 
(54.9=<Mollusks<=110.7 
OR Annel<=97.3) AND 5
2.4=>Platyhel>=65.7?
Otter =
(ln((Anthropoda*3.746))/((1
25.542/
(Mollusks+(-108.939)))+36
8.701))
Otter = 
(ln(|(Anthropoda+
((-5.775)/Platyhel))|)/
(((-298.004)/Mollusks)+
122.13))
yes no
0
0,05
0,1
0,15
0,2
0 50 100 150 200 250
Measured
(54.9=<Mollusks<=110.672 OR Annelida<=97.251) AND
52.392=>Platyhelminthes>=65.726
(54.9>Mollusks>110.672 OR Annelida>97.251) AND
52.392<Platyhelminthes<65.726
r2 = 0.32
Nakdong Sites 2014-16
O
tt
er
y = 0,0039ln(x) + 0,0129
R² = 0,4576
0
0,01
0,02
0,03
0,04
0,05
0,06
0 50 100
0                  1206 2412
O
tt
er
Anthropoda
Platyhelminthes>=17.9?
Otter =
(ln(|((Mollusks-22.017)*724.29
2)|)/
((ln(Mollusks)*67.767)-
((Mollusks+31.930)+55.852)))
Otter = 
(ln(|((Anthropoda-44.654)*
(Annelida-0.655))|)/
(exp(ln(Platyhelminthes))-
Mollusks-245.249+23.748
)
yes n
o
0
0,1
0,2
0,3
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Measured
Platyhelminthes<17.87
Platyhelminthes>=17.87
Seumjin Sites 2016
O
tt
er
35.1<Annelida<=322.8?
Otter =
((Anthropoda/13.005)/
(Anthropoda+
((-86.503)-
(Platyhelminthes*(-19.171)))))
Otter = 
((Anthropoda/43.616)/
(Anthropoda+
((Platyhelminthes*102.047)-(Pl
atyhelminthes*193.635))))
yes no
0
0,1
0,2
0,3
0 4 8 121620242832364044485256606468727680848892
Measured
35.1<Annelida<=322.8
35.1>Annelida>322.8
r2=0.43
Youngsan Sites 2016
O
tt
er
r2=0.47
y = 0.0004x + 0.0323
R² = 0.65
0
0,02
0,04
0,06
0,08
0,1
0 50 100
0                          230                            460
Annelida 
O
tt
er
y = 0.0239x0.1693
R² = 0.52
0
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0 50 100
O
tt
er
0                           923                          1846
Anthropoda
Nakdong River Youngsan River Seumjin River 
Otter = (ln(Piscivorous)/
(((Piscivorous*41.523)/ln(Bent
hivore))-((-99.846)/(Benthivor
e-48.807))))
Otter =(ln(Benthivore)/
(((-97.787)/(Benthivore-25.61
3))-
(-160.797)))
yes noPisciv>=101.3 
AND 30.9<Benthi<
46.3?
0
0,05
0,1
0,15
0,2
0 50 100 150 200 250
Measured
Pisciv<101.3 AND 30.9>=Benthiv>=46.3
r2 = 0.41
Nakdong Sites 2014-16
O
tt
er
y = 0,0063ln(x) + 0,0019
R² = 0,786
0
0,01
0,02
0,03
0,04
0 50 100
0  124                            248
Benthivorous Fish
O
tt
er
Otter = (((Piscivorous/(Benthivo
re/2.01))+
((-1.27)/(52.63/Planktivorous)))/
((47.14/(Benthivore-15.69))+
76.07))
Otter =
(ln(Benthivore)/
(((-97.787)/(Benthivore-25.613
))-
(-160.797)))
yes noPiscivorous>
=5.8?
0
0,05
0,1
0,15
0,2
0,25
0,3
0 4 8 121620242832364044485256606468727680848892
Measured
Piscivorous<=5.8
Youngsan Sites 2016
r2=0.47
O
tt
er
Otter = 
(ln(|((Planktivorous*33.474)-3.11
9)|)/
((Planktivorous/
(Benthivorous-77.613))+
((Piscivorous/0.16)+61.669)))
Otter =
(ln(|((Planktivorous*14.921)/
(Planktivorous-5.120))|)/
((Piscivorous/(Benthivore-54.0
4))+
((Piscivorous/0.16)+57.526)))
yes noBenthivorous
>58.6?
0
0,1
0,2
0,3
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Measured
Benthivorous>58.6
Seumjin Sites 2016
O
tt
er
r2=0.34
y = 0.0005x + 0.008
R² = 0.14
0
0,1
0,2
0,3
0 50 100
0     70                              140
Benthivorous Fish      
O
tt
er
y = 0.0042ln(x) + 0.0433
R² = 0.28
0
0,02
0,04
0,06
0,08
0,1
0,12
0 50 100
0                             16                            32
Planktivorous Fish                                                                
O
tt
er
Diet items
(Fishes)
Fish
Fauna≠
Total
Cluster 1
Otter preferred slow moving and benthic fishes
(Hong et al., unpublished)
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Result and Discussion
Why piscivores densities negatively related with spraints densities?
Shallow flowing water
Deep and stagnant water
Hard to catch!!
(Crait and Ben-David, Ecology, 2007)
Result and Discussion
Otter do not like largemouth bass
Result and Discussion
1. Interestingly, otter densities were negatively related with 
piscivorous fish densities.
2. Using HEA, we identified strength of relationship between 
otter populations and food web structure across three river 
basins.
Conclusion
Conclusion
1. Specific prey preference or relationship
2. Using HEA (Hybrid Evolutionary Algorithm), organizing 
cascade of food web structure
Further study
Conclusion
Thank you very much
